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_blvV²lvowtkqegrzrChNemlvyiUrCi1c§ UideSwtvrc©³rCkqkgWyi1vwykqCwyx1c cemkglo¯dWqlhXegRUW)¯dlocmxUvwCzW@V²W@hNegc@¬/.021)3'4
56879 3-:<; 9=
>'?8@ lvclo¯dW@hCeglvz@wtemrA.021)3 56B79 3-; 9=
>'?)@ WL'UzWxUe)egR1weemR1W¨cfegkmlo¯dW²lvccmxWPzl c1W@¯ lvh
baCegW@c@¬
~U¬+* 2 ¶ # " » ¶BC »dPd · / ¶   C6 -, *)· / ¶ , # " » ¶BC´¶ »  " »  C6 -, *[· / ¶ , 2 # " » ¶BC´¶ »
hwykmk{w3art©q¯dlocmxUvwCzW@V²W@hNegcry©egRUW+lvhUxUide¯Uwe{w²efabxW+locx1kmr«blo¯dW@¯LwycemRUW°VXwyx,©³rykegRUW+hUW@
¯Uwe{wXefabxWC¬.021)3 5B6B79 3-:2DE'F 98G<9 Floclo¯dW@hCeglvz@wt$emrH.021-3 56B79 3DE'F 9)G'9 FWL'dzWxde[emR1wte[r DcWegc
wtkgWcx6W@zlQc1WP¯,lh baNemW@c@¬
91¬+* 2 ¶ @ 	y¨»dPd · / ¶   C6 -, *)· / ¶ , @ 	t
QSRUWVXrCceyWh1Wk{wt¦rt©4wtv´¯dWkglv«yW@¯¯Uwe{wefabx6W@c@¬QSR1WhUWI¯Uwe{wefabx6Wlvc©³rCkmVXWP¯wCzzrCkg¯UlhU°emr
zrCV²x1WemWva¯UWc1hUWP¯,VXwyxry©egRUWzrCV²x6ryh1WhNe[¯Uwe{w°efaNx6W@c@¬
 hemRUW)©³ryvvrlhU²rt©$emRUlocSkmW@xrCkeP§CWlvDhUrtezrCh1cmlv¯dW@kegRUW¯Uwe{wefabx6WI.021)3 56B79 3 =)? E > DJBK ? KL
wCcemRUW+¯1wegw²lekmW@xUkgW@cmWhNegcloczryhNeglCiUryi1clvhLV²W@VXrykgay¬
NM OP!#"QOSR#<TVUWTXBYZ<T\[]/^_YITXUWX
( R1Wh¨cmWh1¯dlvhUwVXWPcmcgwtCW¯dW@cgzkgl 6W@¯XlemR¨w¯dWkgl«CW@¯X¯Uwtegwefabx6Wy§N\<pqm lvv@c1k{cfe­x1wyzemRUW[¯1wegw
ry©demRUlocVXW@cgcmwyyWqlvh°w)hUW 1i 6W@k@§twyh1¯egRUWh²cW@h1¯egRUloc Ui 6W@kwCcw)clvhUCWzryhNeglCiUryi1cVXWVXrykgawtkgW@wU¬
e@fhgikjljm
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)cy y¡¢¡£¥¤6¡°zwyhcmWh1¯lhemR1WcgwtVXWcmlhUCWzrCVXViUhUlozwtemlvryh,¯Uwe{wRUloz{RLwtkgW)hUryeSzryhNemlvyi1ryi1clvh
VXW@V²rCkmaC§CW[x1kmrCxrNcWegrvWey y¡¢¡£¥¤6¡¯dW@wylemRegRUloc­h1ryh1zryhNemlvyiUrCi1cqVXWPcmcgwtCWy¬ ( WW'dxWPz¼eemRUW
zrCcery©y C¡¢¡£¥¤6¡xUkgrdzWPcmcmlh1¨emR1WX¯Ul¦WkgWhNex1wtkmegcrt©­emRUWXVXW@cgcgwtyW°lv 6W²V°i1z{R cmVwtvW@kemR1wyh
egRUWlvhUlemlowt1\<pzrCceqrt©Dwtvrdz@wemlvhUwhUW@ 1i 6W@kwth¯zryxbablvhUemRUW¯dl ¦WkgWhNex1wyke{crt©¦emRUWVXWPcmcgwtCW
lvhNemrXle@¬
 C y¡¢¡£¥¤¦¡°V²WPcmcgwtCWzryhclocfe{cSrt©4cW@«yW@kgwy6x1lWPzW@crt©4¯Uwe{wU§dvrbz@wegW@¯LwthbabRUWkgWlh<i1cmWkm± cx1wCzWC¬
 e°lvclvhUlemlowegW@¯ lemRFw<z@wtv4emr<egRUW¨VXWegRUrd¯ 8F'3 9 J DE3 7  = DEBJ	
b¬wCz{R ¯Uwe{w Urdz lvcegRUWh
wyxUx6Wh1¯dWP¯ egrAegRUW V²WPcmcgwtCW ba zwyvlvhUFegRUW V²WemRUrd¯ 8F'3 7  = 
b¬q«CWhNemiwtvaC§[egRUW VXWPcmcgwtCW
zryh1cemkgi1zemlvryh loc c1hwtvl @W@¯ba zwtvvlhU 8F'3 9 E'F<3 7  = DE<J	
b¬ ( Wz@wthFcmWW¨emR1wteemR1lvc²cfegkmiz¼emi1kmWP¯
1iUlo¯dlvhUt± VXW@cgcmwyyWVXW@z{RwthUlocV®locqWv ± wy¯UwyxdemWP¯²emregRUW)¯UWc1hUlemlvryhrt©$w+\<pq¯dWkgl«CW@¯¯UwtegwtefaNx6Wy§bwyc
WPwyz{RLci Ux1wtkmert©emRUW+¯UwtegwXzwyh6Wlvh1cW@kegW@¯lh,egRUWVXW@cgcmwyyWi1clvhUXegRUWVXWemR1rb¯ BF'3 7  = 
b¬
  @	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+,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	

QSR1lvccmW@zemlvryh xUkmWPcW@hNegcemR1WXwyCrykgl egRUVci1cWP¯ Na JC y¡¢¡£¥¤6¡emr,emk{wthcf©³W@k¯1wegwL¯dWPcmzkml 6W@¯ NaemRUW
\Jpq¯UWkgl«CW@¯,¯Uwe{wefabxWPc¬
M+ _B YZ<YZ+R
QSR1lvcS¯dW@kmlv«yWP¯¯Uwtegwefabx6W)kgWx1lozwtemW@cw²¯Uwe{wefabxWC§Negw blvhU UrdzdcSwe¯dl 6W@kmW@hCeSr DcmWegc@¬4 ewtvrc­ryhUW
egr²cmx6W@zl©³a¨w°hUryh1zryhNemlvyi1ryi1c­¯Uwe{w+ow3ayryiUe­RUW@kmW¯dlocxUowyzWVXWhNe{c 6WefWW@hcmi1zzW@cgclv«yW Urdzdc­hUWWP¯
h1rteSemr 6WW@nNi1wy8¬
14.013.06.0 7.0 8.0 9.0
1.0 2.0 3.0 4.0 5.0 11.0 12.0 15.0 16.010.06.0 7.0 8.0 9.0 13.0 14.0
MPI_Type_indexed(count, blocklengths, displacements, MPI_FLOAT, &indextype);
count = 2;
blocklengths[0] = 4;
displacements[0] = 5;
blocklengths[1] = 2;
displacements[1] = 12;
a[16]
MPI_Send(&a, 1, indextype, dest, tag, comm);
1 element of indextype
OlvyiUkgW & (4uW@xUkmWPcW@hNegweglrChry©$egRUW+\<pqlh¯dW'L¯Uwe{wefabxW
O1kmrCV OlCiUkmW & §´ryhUWz@wth cW@W²WPwyz{R Urdzz@wth W¨cmWhNelemR wth iUhUlonNiUW¨zwyegregRUWXVXWemR1rb¯
 BF'3 7  = 
N¬ ¯U¯dlemlvryh1wy[lvhd©³rykgVwemlvryhc¨ciz{R wycegRUWJhbiUV W@krt©1rdzdc¨wth¯ emRUW hNi1V 6Wkry©
W@W@VXWhNegcSlvhLW@wyz{R Uvrdzwtocr²hUW@W@¯emr 6W+cW@hCe 8cW@WvyrykglemRUV & ¼¬
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  Q$k{wthcf©³W@kSwyCrykgl egRUV ©³rykSegRUWlvh1¯dW'L¯Uwe{wefabx6W
  x1wyzegRUWhbiUV 6Wkry© UvrdzdcSl8¬ Wy¬
count
 x1wyzegRUWcl Wry©wyh,lvh1¯dlv«blv¯Ui1wtDW@W@V²W@hNeWy¬ 
sizeof(MPI  FLOAT )l  x1wyzegRUWhbiUV 6Wkry©W@W@V²W@hNegclvhLW@wyz{RUvrbzl8¬ Wy¬egRUW+wtkgkgw3a
blocklengths
  D º  ¶ U32 1rdz
b
» º
 x1wCz emR1W ¯Uwe{w zryhNe{wtlvhUW@¯ªlhIegRUW Uvrdz l8¬ Wy¬
a[displacement[b] . . . displacement[b] +
blocklengths[b]]m  ¶ " » D º 
QSR1WhbiUV W@krt©zwyocemrXegRUWV²WemRUrd¯  BF'3 7  = 
)lvcwCc©³ryvrc (
±²zwtvoc©³ryk &	 cml Wry©³lvhNemWCWk  	³vlvhUW &
 vlh1W)
± & zwtvD©³rCk hbiUV W@krt©Urdzdc  cl W@rt©³lvhNemW@yWk  	 lvhUW+~B
±hbiUV 6Wkrt© Uvrdzbc)zwyoc©³rCk  hbiUV 6Wk)rt©qWvWVXW@hCe{c[lvh<egRUW Uvrdz  cl W@rt©³W@W@VXWhNe  	  lvhUW9
 lvhUW)
M+NM _ /^ "  YZ<YZ+R
QSR1lvc¯dWkglv«yW@¯¯Uwe{wefabxWwtocmrzrCh1clocegc­rt©´egRUW)kgWx1lozwtemlvryh¨ry©$w°¯UwtegwtefaNx6W ba¯dWLc1hUlvhU°kgWCiUowtkNwtx1c
rCkSr«yWkgowtx1c  cemkglo¯dW­lvhegRUW+¯dlocx1vwCzWVXW@hCe{c cmWW OlvyiUkgW8¼¬
1.0
5.0
3.0
11.0
15.0
4.0
12.0
16.0
7.0 8.0
13.0
9.0
6.0
10.0
14.0
2.0
2.0 6.0 10.0 14.0
MPI_Type_vector(count, blocklength, stride, MPI_FLOAT, &columntype);
count = 4;  blocklength = 1;   stride = 4;
a[4][4]
I=1 ; MPI_Send(&a[0][I], 1, indextype, dest, tag, comm);
1 element of columntype
OlCiUkmW+'(quWxUkgW@cmWhNe{wemlvryhrt©emRUW+\<p«CW@zemryk¯UwtegwtefaNx6W
)c©³rCk[egRUW°lvh1¯dWL'J¯Uwe{wefabxWC§rChUW°z@wthcmWW+©³kmrCV OlvyiUkgW°emR1wte)W@wCz{R Uvrdz,z@wth 6W²cmWhNe[lemR
wyhJiUhUlonNiUWXzwtvemremRUW²VXWemR1rb¯ BF<3 7  = 
b¬QSRUWXwtvyrCkmlemRUV ©³rykegRUW°«CW@zemryk¯Uwe{wefabx6W²cmlvyRNega
¯Ul¦Wk{c©³kgryV emRUW²wtvyrCkmlemRUV rt©4egRUW+lvh1¯dW'J¯UwtegwtefaNx6WwCc©³ryk[emRUW«yW@zemrCk)¯Uwtegwefabx6Wy§1emRUW°hNi1V 6Wk[ry©
W@W@VXWhNegcSlvhLW@wyz{R Uvrdz¨lvcSlo¯dW@hCeglvz@wt8cW@WvyrykglemRUV 8¼¬
e@fhgikjljm
8    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 , Q$k{wthcf©³W@kSwyCrykgl egRUV ©³rykSegRUW«yWPz¼egryk¯Uwtegwefabx6W
  x1wyzegRUWhbiUV 6Wkry© UvrdzdcSl8¬ Wy¬
count
 x1wyzegRUWcl Wry©wyh,lvh1¯dlv«blv¯Ui1wtDW@W@V²W@hNeWy¬ 1¬
sizeof(MPI  FLOAT )l  x1wyzegRUWhbiUV 6Wkry©W@W@V²W@hNegclvh<w 1rdz¨l:¬ WC¬
blocklength
  D º  ¶ U32 1rdz
b
» º
 x1wCzemR1W[¯Uwe{wzrChCe{wtlvhUW@¯²lvhXemRUW Urdz°l8¬ Wy¬
a[I +b∗stride . . . I +b∗stride+blocklength]m  ¶ " » D º 
QSR1WhbiUV W@krt©zwyocemrXegRUWV²WemRUrd¯  BF'3 7  = 
)lvcwCc©³ryvrc (
±¨~Xzwtvoc©³ryk &	 cml Wry©³lvhNemWCWk  	³vlvhUW &
 vlh1W 
 lvhUW+~B
±hbiUV 6Wkrt© Uvrdzbc)zwyoc©³rCk  hbiUV 6Wk)rt©qWvWVXW@hCe{c[lvh<egRUW Uvrdz  cl W@rt©³W@W@VXWhNe  	  lvhUW9
 lvhUW)
M+  _"!#^   YZ<YZ+R
QSR1lvc<¯dW@kmlv«yWP¯M¯UwtegwtefaNx6W lvc,egRUW V²rNcfe<CWhUW@kgwy)rChUW wth1¯Iwtvrcemr NwemR1Wk<wFVXl 'Mrt©X¯dl 6W@kmW@hCe
¯1wegwtefabxWPccmz@weegWkgW@¯weVwthba¨vrdzweglrCh1clh<cmx1wyzWlhNemrXrChUW+¯Uwe{wefabx6W 8cW@W6Olvyi1kmW~8¬
6.0 9.0 10 117.0 8.0
oldtypes[1] = MPI_INT;
offsets[1] = 4 * sizeof(float);
blockcounts[1] = 2;
6.0 9.0 10 117.0 8.06.0 9.0 10 117.0 8.0 . . . . . 
oldtypes[0] = MPI_FLOAT;
offsets[0] = 0;
blockcounts[0] = 4;
count = 2;
MPI_Send(particles, NELEM, particletype, dest, tag, comm);
1 element of particletype
particles[NELEM];
Particle particles[NELEM];
MPI_Type_struct(count, blocklengths, offsets, oldtypes, &particletype);
typedef struct { float f1, f2, f3, f4; int n1, n2;} Particle;
OlCiUkmW~(uWxUkgW@cmWhNegwtemlvryhrt©emRUW+\<pcemkgi1z¼e[¯1wegwtefabxW
J WlvhU zrCVXxUWemW@a lvkmkgWCiUowtkP§emRUloc¯Uwe{wefabx6W,kgW@nNiUlvkgW@c°VXwyhba lhU©³rykgVXwtemlvryhFemrW,egkgwyh1cf©³W@kmWP¯
8cW@WvyrykglemRUV ~B¼¬
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 ; Q$k{wthcf©³W@kSwyCrykgl egRUV ©³rykSegRUW+cemkgi1z¼e[¯UwtegwtefaNx6W
  x1wyzegRUWhbiUV 6Wkry©W@W@V²W@hNegcl:¬ WC¬
NELEM
 x1wyzegRUWhbiUV 6Wkry© UvrdzdcSlhLW@wCz{RW@W@VXWhNel8¬ Wy¬
countl  x1wyzegRUWhbiUV 6Wkry©¯Uwtegw°©³rykWPwyz{R Uvrbzl8¬ Wy¬egRUW+wtkgkgw3a
blockcounts
  x1wyzegRUW¯dlocxUowyzWVXWhNe©³rCkW@wyz{RUvrbzl8¬ Wy¬egRUW+wtkgkgw3a
offsets
 x1wyzegRUWcl Wry©wyh,lvh1¯dlv«blv¯Ui1wt´¯Uwtegw°©³rykWPwyz{R Uvrbzl8¬ Wy¬egRUW+wtkgkgw3a
oldtypesm  D º  ¶ U32 W@W@VXWhNe
e
» º
   D º  ¶ U32 Uvrdz
b
lvh,emRUWW@W@VXWhNe
e
» º
 x1wyz emR1W ¯Uwtegw zryhNegwylhUWP¯ lh egRUW Urdz rt© emR1lvc WvWVXWhNe l8¬ Wy¬
p[e][offsets[b] . . . offsets[b] + blockcounts[b]] ¶ " » D º 
  j  ¶ " » D º 
QSR1WhbiUV W@krt©zwyocemrXegRUWV²WemRUrd¯  BF'3 7  = 
)lvcwCc©³ryvrc (
± 8 
 hNi1V 6Wkrt©Uvrdzbc zwyoc©³ryk & cml Wry©³lvhNemWCWk  	 lvhUW & §dvlvhUWd§dvlh1W)
±²zwtvoc©³ryk hNi1V 6Wkry© Uvrdzbc  cml @Wry©³lvhCegWCWk 	³vlhUW+~1§dlvhUW69
± ³hbiUV W@krt©WvWVXW@hCe{c  hbiUV 6Wkrt© Urdzdc °z@wtvvc©³ryk  hbiUV 6Wk¨ry©¯1wegw lvh emRUW Urdz 
cl W@rt©8¯Uwe{w8 	 lvhUW+  vlhUW 7  vlhUW 8B
QSRUWvlhUWry©´emR1WwyCrykgl egRUVcW@h1¯UcemRUW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